ABSTRACT. Two radiated tortoises (Astrochelys radiata) exhibited anorexia and hypokinesia. In both cases, hematological and serum biochemical examinations revealed high alkaline phosphatase levels, moderately high aspartate aminotransferase levels and white blood cell counts approximately within the normal range. Despite being treated, the tortoises died 9 and 43 days after the first clinical examination. Gross pathological examinations revealed that the livers of both animals were extremely swollen and contained pale yellow necrotic tissue. Histopathological assessment revealed that the livers contained a massive area of hepatic necrosis surrounded by migration of macrophages and multinucleated giant cells. In one of the cases, severe fibrosis was observed. The present study provides reference information for similar cases in the future.
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Another female radiated tortoise (Astrochelys radiate; case 2: weight, 3.0 kg; age, unknown and carapace length, 27.6 cm) was brought to the Nogeyama Zoological Gardens, Japan, also because of a violation of the CITES. This second tortoise was maintained for 7 years with 7 other female radiated tortoises, including the tortoise in case 1. All 7 tortoises always remained in contact with each other. Soon after the tortoise in case 1 died, this female tortoise exhibited hypokinesia for about 1 month and appeared anorexic a few days before a medical examination. On the first day of the examination, blood samples for hematological and serum biochemical examinations were collected from the saphenous vein. The examinations revealed a low PCV, low hemoglobin and red blood cell counts, high AST, ALP, BUN and UA values, and low total protein and albumin values (Table 1) . A radiographic examination revealed a large mass with a moderately high opacity in the upper middle area of the body, and that occupied half of the body area. A diagnosis of a liver disorder was considered, and the tortoise was administered drip injections, including Ringer solution (Ringeru V with vitamin B1; Nippon Zenyaku Kogyo Co., Ltd.), multi-vitamins, glycyrrhizic ammonium (Stronger NEO-minophagen C injection; Minophagen Pharmaceutical Co., Ltd., Tokyo, Japan), dopamine hydrochloride (Dominin Tenteki injection; Nippon Shinyaku Co., Ltd., Kyoto, Japan), iron (Fejin injection; Nichi-Iko Pharmaceutical Co., Ltd., Toyama, Japan) and cefazolin sodium (Rasenazorin; Nichi-Iko Pharmaceutical Co., Ltd.). Hematological and serum biochemical analyses were also performed on days 3, 4 and 7. Although the ALP value slightly decreased, the BUN and UA values increased, and all other values showed no improvement ( Table 1 ). The tortoise in case 2 exhibited edema in the extremities on day 6 and died on day 9.
Gross pathological examination revealed an overall hardening of the right lobe of the liver and the presence of pale yellow, caseous and necrotic tissue in half of the right lobe (Fig. 1b) . We also observed the adhesion of the right lobe of the liver to a part of the small intestine. Subcutaneous and pulmonary edema and ascites were observed. Scattered white nodules were observed on the spleen. The heart, lung, liver, stomach, kidney and spleen were collected and stored in 20% neutral buffered formalin solution. Histopathological examination based on H&E staining (The Corporation for Production and Research of Laboratory Primates, Tsukuba, Japan) revealed a massive area of centrilobular hepatic necrosis that occasionally included bacterial masses of large bacilli (Fig. 2) . The lesion consisted of macrophage accumulation with multinucleated giant cells and lymphoplasmacytic cell infiltration, surrounded by severe fibrosis (Fig. 3) . The remaining hepatocytes were atrophic, and hemosiderin was deposited on the tissue. Bacterial masses similar to those found in the liver were also detected in the spleen, lung, heart, stomach and kidney. Multifocal necrosis was found in the spleen, stomach and kidney. In the lungs, the alveolar wall thickened with edema. In the heart, moderate edematous epicarditis with lymphoplasmacytic infiltration and minimal hemorrhagic foci was observed.
The present study reveals the clinical, hematological, serum biochemical and histopathological findings in two radiated tortoises with massive hepatic necrosis. Both tortoises showed almost identical pathological findings in the liver. The liver was extremely swollen and occupied by pale yellow necrotic tissue. The histopathological examination revealed massive hepatic necrosis in both cases. Our findings suggest that two different types of lesions were found in both tortoises. In case 2, the necrotic lesion was surrounded by severe fibrosis, and the fibrosis hardened the liver. This observation indicates that the lesion in case 2 was more developed than that in case 1. In addition, lesions associated with septicemia were detected in case 2, because multifocal bacterial masses were observed in several systemic organs, including the lungs, heart, spleen, stomach and kidney; however, these masses were not observed in case 1. Infection might have contributed to lesion development in both cases [4, 7] . One reason for these differences is that both tortoises received different types of antibiotics. In addition, the antibiotic treatment in case 1 probably began at an earlier stage of the disorder, i.e., soon after the symptoms manifested, than that in case 2, which began about 1 month after the presentation of hypokinesia. Therefore, the pathogen in case 1 might have been eradicated by the antibiotic treatment, thereby improving the symptoms (anorexia), albeit temporarily. Early treatment might have inhibited the progress of the lesion in case 1, whereas the lesion in case 2 was more developed than that in case 1. However, the liver lesion in case 1 was extremely severe and irreversible. Therefore, the tortoise in case 1 might have died due to the liver lesion rather than the septicemia. The deaths of the two radiated tortoises in the present study occurred within 1.5 months after symptom onset. The two tortoises were maintained in the same area before manifesting symptoms and were in constant contact with each other. Therefore, the same pathogen might have contributed to the development of the disease. The other tortoises that were maintained in the same area were at risk of developing the infection and were carefully monitored. The histopathological examination provided useful information about the route of infection. In case 2, the most common location of the hepatocytic necrosis foci was the periportal area. In addition, bacterial masses and multifocal necrosis were observed in the stomach. These findings suggest that the infection hematogenously spread from the digestive tract. The bacillus might have then spread in the liver and caused a massive amount of necrosis, subsequently spreading to other parts of the body and inducing septicemia. Although the pathogen was not identified, and histopathological features differed between the two cases, the lesions might have been induced by the same pathogen, because these tortoises were maintained in the same area for five years, and their symptoms appeared during the same period.
Amoebiasis and adenovirus infection induce hepatic necrosis in various tortoises [6, 8, 10] . In amoebiasis, the most common lesion presented as a thickened and edematous duodenum or an ulcerated colon with a green pseudomembrane [6, 8] . In addition, amoebic trophozoites were observed in many blood vessels in these cases. The lesion in the liver exhibited multifocal to diffuse areas of necrosis. In adenovirus infection, multifocal to diffuse, hemorrhagic and necrotizing enterocolitis is frequently observed in the intestine [10] . In addition, intranuclear inclusions are identified in various organs. The lesion in the liver was an individual hepatocellular necrosis or a multifocal to submassive coagulative hepatocellular necrosis. In contrast, granulomatous hepatitis, which is common in reptiles and birds and caused by Salmonella typhimurium infection, was previously reported in a spur-thighed tortoise (Testudo graeca). In addition, numerous foci of necrosis surrounded by infiltrations of mononuclear cells were observed in the liver [3, 5] . However, in the present study, a huge necrotic area and infiltration of various inflammatory cells, including heterophils, plasma cells, lymphocytes and multinuclear cells were observed. Therefore, the characteristic lesion in the present study was unique and different from those in previous reports, although the pathogen was not detected.
Generally, disorders should be quickly identified, and treatment should be initiated at an early disease stage. Nevertheless, the tortoises presented in our cases did not exhibit any abnormal clinical signs until their lesions became untreatable. Diseased chelonians do not typically exhibit any specific symptoms other than anorexia or hypokinesia, which were the only symptoms identified in the present study. Moreover, diagnostic imaging techniques, including radiography and ultrasonography, cannot obtain specific findings for diseases in the internal organs, because of the animals' thick carapace. Although radiography revealed an unclear body obstacle in the tortoise in case 2, this observation was not sufficient to inform a definitive diagnosis. Although endoscopy and biopsy are required for the diagnosis of liver disease, the anesthesia required in these procedures posed a high but avoidable risk of deteriorating the condition of the tortoises. In contrast, hematological and serum biochemical examinations do not require any specific materials or techniques, and serve as an index to diagnose the disease. In the present study, the hematological and serum biochemical examinations revealed that a moderately high AST value might be a key factor to detect liver disease. However, these values did not reflect the development of the lesion, because the morphological changes of the liver were extremely severe in comparison to that indicated by the serum biochemical values. Although a high ALP value was observed, this finding does not specify the extent of the liver disease [11] , and the reason for the high value was unclear. The BUN and UA values increased in both tortoises. This finding might indicate dehydration or that the metabolization of BUN and UA in the kidney was affected by circulatory insufficiency or calcinosis in case 1 and multifocal necrosis in case 2 [11] . Consequently, the present study revealed that the hematological and serum biochemical features of necrotic liver disease might be uncertain and that these hematological examinations are insufficient to detect the disorder. High ALP and moderately high AST values might be the only key indicative factors of liver disease. Further studies are required to detect necrotic lesions of the liver at an early stage.
The present study provides useful information for a differential diagnosis when similar cases are encountered.
